Within the mega-biodiverse Indian peninsula (Briggs 2003; Mittermeier et al. 2005) , the dry forests of the Eastern Ghats have a very rich variety of biological diversity (Gopalakrishna et al. 2010) . They harbour more than 2600 species of angiosperms, gymnosperms and pteridophytes, with 454 endemic species belonging to 243 genera and 78 families (Kanyana 2008) . Tree diversity is fundamental to tropical forest diversity because trees provide resources and habitats for almost all other species (Cannon et al. 1998; Huang et al. 2003) . As a dominant life form, trees are easy to locate precisely and to count (Condit et al. 1998) and are also better known taxonomically (Gentry 1992) . However, trees are particularly vulnerable compared with other plant forms because they take a long time to reach reproductive age. They are also associated with low productivity, high mortality rates, ever-increasing demand for food and energy and declining land productivity (FAO 2009 ). Therefore, loss of tree species can undermine biodiversity and ecosystem services, economic development and livelihoods of resource-poor households that depend directly and/or indirectly on forest resources.
However, the primary forests of the Eastern Ghats of peninsular India are disappearing at an alarming rate due to anthropogenic activities and are replaced by either forests consisting of pioneer species or other land use systems such as agriculture (Varma et al. 2009 ). The region is experiencing rapid changes in demography, economy and society and hence, the Eastern Ghats, faces serious challenges of tropical deforestation and forest degradation. Sustaining tree diversity depends on reliable inventories that are used to determine the nature and distribution of tree species in the forest ecosystem being managed. Quantitative plant diversity inventories of tropical forests are available for various forests of the Western Ghats, but the Eastern Ghats is poorly studied (Pitchiramu et al. 2008; Varma et al. 2009 ).
The tropical dry forest of the Bannerghatta National Park (BNP), a part of the Eastern Ghats, offers an ideal habitat for several endangered plant species and is the world's largest remaining scrub forest for elephants among its range countries. Located only 24 km south of the expanding city of Bangalore, the pressure of human activities on the park is enormous. Apart from five communities within the park, 117 communities are within the 5 km buffer zone of the park boundary and they all depend on it for subsistence. Thus, the BNP is threatened by natural and anthropogenic activities including ever-increasing demand for food and energy, urbanisation, reduced productivity of agricultural land, low forest productivity, proliferation of invasive species, climate change and habitat degradation due to encroachment, cattle grazing, overharvesting of forest resources and increasing stocking rates of wildlife such as elephants (Pitchairamu et al. 2008; Varma et al. 2009 ). Disturbances created by these factors affect forest dynamics and tree diversity at local and regional level (Hubbell et al. 1999) .
Park management for biodiversity conservation and human welfare requires a good understanding of the ecological status, ethnobotany and biology of the area (Dalle et al. 2002) . However, hard data on floristic inventories and vegetation analyses of the tropical dry forest of BNP required to understand tree diversity, ecological processes and human livelihoods are scarce. Knowledge about the dry forests and their structural dynamics and wood species diversity are inadequate (Hubbell & Foster 1992; Varma et al. 2009 ). Varma et al. (2009) have argued for an in-depth study of various aspects of landscape, vegetation and tree diversity in BNP to better understand the vegetation composition and diversity and the degree of disturbance.
While the BNP provides fully protected habitats, there is still limited hard data on tree species diversity and distribution and forest stand structure. The impact of human activities resulting from the growing city of Bangalore is a fastgrowing population and increasing economic activities of local communities in and around the park. This study addressed three questions: (i) what are the quantitative differences in forest stand structure and tree species diversity and distributions across forest management zones in the park; (ii) do relative abundances of tree species in various diameter classes differ with management zone; and (iii) to what extent are differences in overall tree diversity among sites associated with distribution of trees with DBH ≥ 10 cm. Tree species inventories will contribute forest biodiversity information to the park's reference database on forest assessment to inform conservation planning, ecological research and conservation of ecosystems and species in the park.
METHODS AND MATERIALS

Study area characteristics
The BNP (Figure 1 ), which covered an area of 102.74 km 2 , lies between latitudes 12° 34 ' and 12° 50' N and between 77° 31' and 77° 38' E longitudes. The park includes a contiguous forest in the south and the world's largest remaining scrub forest for elephants among its range countries (Gopalakrishna et al. 2010) . It has a highly undulating terrain with a mean altitude of 865 m (700-1035 m) above sea level, mean temperature of 27°C (12-38°C), and mean annual rainfall of 1065 mm (682-1607 mm). The geology of the park is characterised by rocks of the oldest formation revealing cryptocrystalline to coarse granites and complex gneiss, while granite sheet rocks dominate the higher hills (Rajeev 2002) . The park is a home to several species of mammals, amphibians, reptiles and birds apart from the endangered Asian elephant. The vegetation consists of mainly the dry deciduous scrub forest, southern tropical dry deciduous forest and southern moist mixed forest. The BNP is divided into three wildlife ranges (WR): Bannerghatta, Harohalli and Anekal wildlife range. The park has an identified elephant corridor, the Karadikkal-Madeshwara elephant corridor (Varma et al. 2005 ).
Assessment of tree species
Tree diversity and distribution assessments were conducted between June and August 2012 in BNP. The park was divided into 79 (1 km × 1 km) grid cells using ERDAS IMAGINE 9.1, an open source remote sensing and image processing software. This allows for processing satellite images and preparing maps used in geographical information system for geospatial applications. In each cell, a 250 m × 4 m belt transect with a north-east orientation was established (Figure 2 ). Transects were evenly distributed across the four management zones (Banngerghatta, Harohalli, Anekal and Karadikall-Madeshwala elephant corridor) covering all forests. Measurements of girth at breast height (GBH, 1.37 m) were taken for all trees with GBH ≥ 10 cm and converted to diameter and breast height (DBH) by dividing GBH values by Pi (3.14). All trees in 0.1 ha plots were enumerated, photographed and identified using the Champion and Seth's classification (1986) and the flora of Gurudeva (2001) , Bhat (2000) and Mathew (2001) and voucher specimens of unidentified species were taken to the herbarium at the Indian Institute of Science. We used all tree species in plots to determine diameter class sizes for analysis. Data including geocoordinates of the location, percentage canopy and percentage ground cover were collected at regular intervals using the ocular estimation method. This visual estimation technique is used to estimate the proportion of plot covered by tree canopy and the proportion of ground covered by vegetation.
Data analysis
Data were analysed to quantify tree species diversity, composition and density and forest structure across the four wildlife zones. Tree species abundance and relative abundance, density and relative density and species Importance Value Index (IVI) were analysed. The IVI value for a species, used to assess the distribution of species abundance, was computed as a sum of relative density, relative frequency and relative coverage (Rasavi et al. 2012) . The diversity indices, including number of Taxa (S), Dominance (D), Shannon-Wiener's (H'), Simpson's index of diversity (1-D), Evenness (e^H/S), Equitability (J), Fisher's alpha index, were calculated using the software program PAST (PAleontological STatistics) (Hammer et al. 2001 ). The software is used for executing a range of standard numerical analysis and operations used in quantitative paleontology. The species accumulation curve was plotted using EstimateS, a free software application for computing a variety of biodiversity statistics, estimators and indices based on biotic data (Cowell 2013) . A multivariate analysis of variance (MANOVA) test was carried out to assess the differences in tree diversity across the management zones. Figure 3 shows a 'collector's curve' of woody species densities plotted as a function of number of sites enumerated. Cumulative densities of species for the first seven sites substantially increased with each additional site enumerated. However, the rate of increase diminished with increasing numbers of sites sampled after the seventh site. The 'collector's curve' flattened out as more woody species specimens were enumerated, but majority of the species were captured.
RESULTS
Species accumulation
Tree diversity
A total of 7855 trees belonging to 128 species from 45 families were recorded within a sampled area of 7.9 ha. The five most abundant families were Combretaceae (n = 1103), Mimosaceae (546), Meliaceae (462), Rubiaceae (444) and Celastaceae (423) and their most dominant species in each family were Anogeissus latifolia, Acacia chundra, Cedrela toona, Ixora arborea and Gymnosporia montana, respectively. Fabaceae (13), Caesalpinioidaea (8), Rubiaceae (8), Mimosaceae (7) and Apocynaceae (7) were the most genetically diverse families (see Appendix 1). The IVI values for species ranged from 75 to 90%. Fifteen species were least abundant (represented by one individual), while seven trees could not be identified due to the non-availability of flower and/or fruit material.
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Figure 1. Map showing Bannerghatta National Park along with other adjoining forest divisions in Eastern Ghats
Figure 2. Map showing 79 (1 km × 1 km) grid cells used to establish belt transects for assessment of tree diversity in Bannerghatta National Park in Eastern Ghats
There were great variations in tree diversity indices across sites in the park (Table 1) . Numbers of taxa per site (0.1 ha) ranged from 9 to 41 (mean 23.8 ± 7.6 ). Fifty three percent (53%) of the sites had more than 100 individual tree counts, but most of the site values were clustered in the middle of the range. The Shannon's evenness indices of diversity varied substantially between sites, ranging from 1.1 to 3.5 (mean, 2.6 ± 0.4 per site). The Simpson's index values for diversity varied from 0.4 to 1.0, but most of the indices were closer to 1.0 than 0. The Fisher's alpha index for species richness ranged from 3.2 to 25.2.
Tree diversity across zones
There were significant (p < 0.05) differences in tree diversity between the management zones. Bannerghatta management zone had the highest diversity, while Anekal zone had the lowest diversity. Tree diversity in the management zones decreased in the order: Bannerghatta > Harohalli > KM Corridor > Anekal wildlife zones. However, diversity values of Harohalli and KM Corridor were not statistically different from that of Bannerghatta and Anekal. Although the diversity index 'Individuals' showed significant differences (p < 0.05) in tree diversity across zones, six other diversity indices were not significantly different (p > 0.05) across the zones.
Forest structure
Mean tree density per site was 994 trees ha −1 , while the average number of individual trees in 0.1-ha plots was 101 ± 40 (16-182) . Tree density consistently decreased with increasing diameter class of woody species from 0 to 5 cm to > 20 cm (Fig. 4) . About 50% of the trees in sampled plots were in the 0-5 cm diameter class, while the 5-10 cm class accounted for 37%. The highest tree stand density and species richness were found in these two diameters, which accounted for 87% of enumerated trees. The > 15 cm DBH classes contributed < 4% to the total number of sampled trees (Table 2) . However, there were no substantial (p > 0.05) variations in size class distribution of the individuals across the management zones. The mean basal area of sampled trees was 5.1 ± 3.6 m 2 ha −1
, with a larger proportion of trees in the smaller diameter classes.
Canopy cover and ground cover
Values of vegetation cover varied greatly from zero to full cover, with a mean overstory canopy cover of 38.42% (SE = 2.12, n = 76). The mean understory cover was 61.57% (SE = 2.12, n = 76), while the values varied from no ground cover to a full ground cover in some plots.
DISCUSSION
Tree density significantly contributes to the forest's functional diversity, ecological processes and ecosystem services. Mean tree density of 994 stems ha −1 in dry forests of the BNP in Eastern Ghats exceeded that of tropical deciduous forests of the northern Eastern Ghats (352, Panda et al. 2013) 
Shannon-Wiener's index 2.6 ± 0.4 1.1-3.5
Simpson index 0.9 ± 0.1 0.4-1.0
Evenness index 0.6 ± 0.1 0.5-0.9
Fisher's alpha index 3.2 ± 0.4 3.2-25.2 Krishnamurthy et al. 2010) . The diffrences between current and published forest stem densities can be explained by anthropogenic activities in BNP, which have resulted in a forest dominated by juveniles. Tree density significantly differed across the sites, presumably due to factors related to seed dispersal, survival and establishment and also on resources extraction. Tree species richness is fundamental to tropical forest biodiversity because trees provide resources and habitats for almost all other forest species (Huston 1994; Whitmore 1998) . Tree species richness in Bannerghata forests, which ranged from 9 to 41 species per 0.1 ha site, was higher than the published range (4-13) for the same area (Varma et al. 2009 ). Similarly, species richness of 128 tree species over 7.9 ha was higher than the published count of 63 tree species in a 50-ha plot in Mudumalai Forest Reserve in India (Condit et al. 2000) . However, the mean tree species richness of the forest in BNP (16 species with DBH > 10 cm) was significantly lower than the minimum values of published ranges of 56-283 species (> 10 cm DBH) ha −1 in mature tropical forests (Phillips & Gentry 1994 ) and 30-57 species ha -1 for various sites of the Western Ghats in Milodai and Courtallam Reserve Forest (Chandrashekara & Ramakrishna 1994; Parthasarathy & Karthikeyan 1997) , and of 20-223 tree species ha −1 in tropical rainforests (Parthasarathy & Sethi 1997) . Other studies have also reported 256 species over 222 ha in dry deciduous tropical forests of Eastern Ghats in India (Panda et al. 2013) , 272 species in the 60 ha in southern Eastern Ghats (Pragasan & Parthasarathy 2010) , and 996 species in a 52-ha plot in Lambir, Malaysia (Condit et al. 2000) . Higher published species counts found in this study could be attributed to a combination of factors related to sampling size variations, species interaction (i.e. competition and niche diversification) and stand density (seed dispersal and survival and resource extraction). Within BNP, larger sampling area in this study gave a larger number of species than the smaller area previously sampled in the same park (Varma et al. 2009 ).
The five most abundant families in the BNP were Combretaceae, Mimosaceae, Meliaceae, Rubiaceae and Celastaceae, while Panda et al. (2013) found Euphorbiacea and Moraceae to be the most dominant families in the northern portion of Eastern Ghats. Padalia et al. (2004) also report that Euphorbitaceae and Rubiace are the most dominant families in all forest types, except mangrove. Disparities in family composition values could be attributed to anthropogenic activities and environmental activities. The dominance of a family could be attributed to habitat adaptation and favourable environmental conditions (soil and climatic conditions) that encourage pollination, dispersal and establishment of species (Coley & Barone 1996; Egbe et al. 2012; Panda et al. 2013 ). The family Fabaceae was the most genetically diverse, followed by Caesalpinioidaea, Rubiaceae, Mimosaceae and Apocynaceae. Dominance in the tropical forests of BNP, calculated as IVI, varied greatly in different stands. The forests were dominated by A. latifolia and A. chundra, with an IVI value of 90 each, followed by I. arborea (86) and G. montana (85), C. toona (75). About 44 species were least abundant, represented by one-two individuals, suggesting that they were rare species and needed to be protected. Seven trees could not be identified due to the non-availability of flower and/or fruit material and were labelled as unidentified trees.
A rich ecosystem has a large Shannon-Wiener index (H') value, while an ecosytem with a low value has low species diversity (Sobuy & Rahman 2011; Deka et al. 2012) and index values range from 0 to 5. A mean index of 2.56 suggests the dry forest of BNP had moderate tree species diversity. The measured index in this study was greater than the published value (1.57) for the same area (Varma et al. 2009 ) reveals a community with a limited number of trees with large girth presumably due to anthropogenic activities. However, the basal area was greater than the published value (3.28 m 2 ) for the same study site, but lower than that (6.59-48.49 m 2 ha −1 ) of a tropical dry deciduous forest in Eastern Ghats, Tamil Nadu (Pitchairamu et al. 2008) . A strong relationship between basal area, tree density and species diversity determines the ecosystem function of a dry forest and hence, recurring disturbance reduces the development of biomass and stems. Species diversity could, therefore, be enhanced by reducing the variability in tree basal area by regulating local disturbances (Pitchairamu et al. 2008) . However, the effect of elephants on forest structure and tree diversity needs to be assessed.
The Shannon diversity indices in this study suggest that the dry forest in the park was moderately species diverse. Tree diversity in BNP was probably influenced by variability in topography, edaphic and climatic conditions, animal populations and human activities. Although, girth diameter threshold in this study did not capture a large population of invasive species, Varma et al. (2009) reported that 30% of the park was infested with Lantana camara and Chromolaena odorata, which aggressively compete with native tree species, while 25% of the park is barren land or rock outcrops. These factors greatly affected the tree density and diversity.
The mean Shannon's evenness index for BNP was comparable to the published index for the same area (Varma et al. 2009 ). The index suggests that abundances of individual trees of identified species in sampled forest stands were fairly even and 75% of indices were within the range 0.50-0.79. A. latifolia, A. chundra and C. toona were the most abundant tree species in BNP, accounting for 21% of the individual trees recorded. In a separate study (Varma et al. 2009 ), A. latifolia, A. chundra, Shorea robusta acounted for 55% of the enumerated trees. The differences between the results obtained in this study and those mentioned in the above reference could be attributed to differences in sampling designs. Varma et al. (2009) recorded 309 individuals belonging to 37 species compared with 7855 individuals belonging to 128 species in this study. According to Condit et al. (1996) , diversity studies may underestimate the species richness in tropical forests when stem counts are less than 1000. With increasing sample size, the number of species increases, diversity stabilises and evenness decreases (Oksanen 2004) . The large proportion of species represented by ≤ 2 individuals (34%) in this study indicates that a large number of sampled tree species in the park were rare. Therefore, priority should be given to Eastern Ghats, which is facing a lot of pressure from increasing population and development activities.
The low mean Simpson's dominance index for sites in the park (0.13 ± 0.09) suggests that most of the species identified were equally present at various sampled sites. The range of dominance indices for BNP (0.00-0.55) varied greatly compared with 0.13-0.31 reported for various sites in the tropical dry deciduous forest in Piranmalai forest in Eastern Ghats in Tamil Nadu (Pitcharaimu et al. 2008) , and Kolli hills (0.37-0.83, Lakshmi 1995) . Species diversity across the management zones in the park was not significantly (p > 0.05) different. However, tree species abundance differed significantly (p < 0.05) between Bannerghatta and Anekal management zones. The Bannerghatta wildlife zone had the highest species abundance and the Anekal wildlife zone lowest species diversity.
The 'collector's curve' of the numbers of trees plotted as a function of numbers of sites did not reach asymptote completely indicating that the region could potentially add some more species to the list with increased sampling effort. Increasing the sample size could increase the likelihood of finding new species because larger areas are more environmentally heterogeneous than smaller ones. The number of individuals significantly decreased with increasing tree diameter classes, with largest proportions (87%) of individuals captured in the 0-5 and 5-10 cm diameter classes. Tree diameter frequency showed a J-type population structure at all study sites, which conforms with other forest stands in Eastern Ghats (Kadavul & Parthasarathy 1999a, b) . The higher contribution of smaller diameter classes suggests that the forest stand is dominated by juveniles. The presence of high numbers of juveniles was presumably due to the severe disturbance in terms of wood cutting, logging for timber and grazing.
The proportion of canopy cover (38%) in the dry forest of Bannerghatta was greater than the published value (25.7%) for the same site (Varma et al. 2009 ). Current canopy cover values suggest that the BNP had an open type of forest presumably because of anthropogenic activities. Adhikari and Southworth (2012) reported that although BNP was formally declared as a national park in 1974, forest cover declined until 1992 due to felling trees for commercial and industrial purposes, following normal 30-year production forest rotation cycle. Local communities in and outside the park are also exerting pressure on the park through resource harvesting, agriculture and livestock grazing. Rajeev (2002) also suggested that stunted tree growth due to poor soil and nutrient conditions could result in an open canopy.
CONCLUSION
Floristic inventories and vegetation analysis of the tropical dry deciduous forest of the BNP showed that although tree density was high, basal area and alpha diversity were relatively low probably because of historical disturbances, biomass harvesting, clearance of forest for agriculture, infrastructural development and tourism. The large population of juveniles (saplings) in BNP is typical of a growing forest. With agricultural communities located in the park coupled with a fast-growing Indian economy, the pressure on forest resources in BNP is increasing. However, the impact of elephants on forest structure and tree diversity needs to be assessed. Diversity indices indicate that plant communities in the park were less complex than in a mature dry forest and may have lower energy transfers, predation, competition and niche availability. These features are typical of a growing forest. Therefore, conservation activities must focus on protecting and restoring the forest and enhancing alternative livelihoods for communities in and around the park to reduce pressure on forest structure and tree diversity in BNP.
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